Background. Despite the prominence of comorbidity among substances and the recent attention focused on trajectory-based approaches to characterizing developmental change, little research in the substance use field has simultaneously considered both course and comorbidity.
I
N NORTH AMERICA and many other industrialized societies, the transitional period from secondary school to young adulthood, spanning ages 18 to 25, has been referred to as ''emerging adulthood'' (Arnett, 2000) . This is a time marked by frequent change and exploration and movement towards the assumption of adult roles and responsibilities; it is also a time during which the prevalence of alcohol use and related problems peaks (Arnett, 2000; Schulenberg and Maggs, 2002) . For many individuals, onset of alcohol use occurs prior to leaving secondary school (Baer et al., 1995) . However, peak use of alcohol typically occurs early on during emerging adulthood, as do associated alcohol problems. Although most emerging adults tend to ''mature'' out of alcohol involvement upon successfully negotiating developmental transitions associated with career and family (Bachman et al., 1997; Schulenberg and Maggs, 2002; Sher and Gotham, 1999) , there are still many individuals who fail to moderate their alcohol consumption, which can have long-term effects on physical and psychological well-being (Schulenberg et al., 2003) . There exists considerable individual heterogeneity in the timing and content of developmental milestones (Cohen et al. 2003; Schulenberg et al., 2004) , including the use of substances such as alcohol, tobacco, and illicit drugs.
With the recent focus on charting developmental course of substance use afforded by methodological advances in mixture modeling techniques, some prototypical courses of substance use have emerged, including (but not limited to) a nonuser ⁄ stable low user course, an early onset persistent or chronic high use course, a ''developmentally limited'' course (transitioning or maturing out of substance use), and a lateonset increasing course. Studies assessing a sample across a broad developmental period tend to also identify a ''fling'' trajectory that, in studies using a younger or older sample, may manifest itself as an increasing or a developmentally limited course. In recent years, a great deal of work has been conducted on course of alcohol involvement (including but not limited to work by Chassin et al., 2002; Colder et al., 2002; Hill et al., 2000; Oesterle et al., 2004; Schulenberg et al., 1996a,b; Tucker et al., 2003; Windle et al., 2005) . Additional research has identified trajectories of tobacco use, showing an additional course characterized by experimental or moderate smoking, perhaps comprised of ''chippers'' who smoke during social situations (e.g., Abroms et al., 2005; Chassin et al., 2000; Colder et al., 2001; Orlando et al., 2005; Soldz and Cui, 2002; Stanton et al., 2004; Tucker, Ellickson, Orlando, & Klein, 2006; White et al., 2002; Wills, Resko, Ainette, & Mendoza, 2004) . In addition, recent work has distinguished among courses of marijuana use (e.g., Brown et al., 2004; Ellickson et al., 2004; Kandel and Chen, 2000; Schulenberg et al., 2005; Windle and Wiesner, 2004) .
Although high levels of comorbidity among substances have been demonstrated by a wealth of epidemiological (e.g., Donovan, 1996; Donovan and Jessor, 1985; Hays et al., 1987; Istvan and Matarazzo, 1984) and behavior genetic (e.g., Pickens et al., 1995; True et al., 1999) research, trajectory-based approaches largely focus on 1 substance at a time. Certainly the single-substance trajectories identified thus far have been shown to be associated with use of other substances. For example, trajectories of drinking are associated with poly-substance use (Chassin et al., 2002; Hill et al., 2000; Oesterle et al., 2004; Windle et al., 2005) . In a similar fashion, trajectories of smoking are associated with alcohol use as well as with other drug use (Audrain-McGovern et al., 2004; Juon et al., 2002; Orlando et al., 2004; Soldz and Cui, 2002; Stanton et al., 2004; Tucker, Ellickson, Orlando, & Klein, 2006; White et al., 2002) , with 1 study showing that marijuana use during adolescence very closely tracked smoking course (Soldz and Cui, 2002) . Likewise, trajectories of marijuana use are associated with drinking (Brown et al., 2004; Schulenberg et al., 2005; Windle and Wiesner, 2004) and smoking (Kandel and Chen, 2000; Schulenberg et al., 2005; White et al., 2002; Windle and Wiesner, 2004) .
Very few studies, however, have simultaneously considered both course and comorbidity. Using a group of youth during adolescence and young adulthood (approximate ages 11 to 30), Chassin et al. (2004) extracted 3 trajectories of alcohol and drug use as well as an a priori abstaining class and 4 trajectories of alcohol and drug dependence diagnoses as well as a nondiagnosing class. In general, the trajectories for use and dependence were characterized by absence versus presence of alcohol use and drug use as well as by level of severity (high or low). Using a treatment sample of adolescents (age 12 to 18), Chung, Maisto, Cornelius, and Martin (2004) identified short-term trajectories of abstinence for drinking and trajectories of abstinence for other drug use, and demonstrated moderately strong concordance between the 2 substances (Cohen's j = 0.49). Flory et al. (2004) independently derived separate trajectories of drinking and marijuana use among adolescents and young adults (approximate ages 11 to 21) and showed a strong association between them, with over half of the sample belonging to courses that were concordant with the corresponding course for the other substance. In addition, predictors of the 2 substances tended to be similar, suggesting that comorbidity may be accounted for by common mechanisms. Tucker et al. (2005) extracted individual trajectories for alcohol, tobacco, and marijuana use covering ages 13 through 23 and found overlap among classes with similar patterns of use across substances, particularly among abstainers but also among those characterized by increasing or early high use. Using the same sample as Tucker et al. (2005) , Orlando et al. (2005) identified distinct courses of concurrent alcohol-tobacco use and found that for the most part, course of drinking paralleled change in smoking. Finally, in our own work, we identified 5 distinct courses of comorbid alcohol use disorders and tobacco dependence in a young adult sample (ages 18 to 24) (Jackson et al., 2000a) . This work was followed by a study using a nationally representative young adult sample aged 18 to 26 , in which we derived trajectories of smoking and drinking in a simultaneous modeling procedure. We identified distinct patterns of heavy drinking and smoking that could be differentiated by risk factors, and determined that the association between smoking and certain risk factors (delinquency, alcohol expectancies) appeared to exist by virtue of smoking's comorbidity with drinking. Although preliminarily analyses in that study identified trajectories of each single substance and characterized comorbidity between the two, describing and explaining comorbidity between the single-substance trajectories was not the focus of our earlier work.
We consider here several risk factors that to some degree may account for co-occurring substance use, including sex, race, alcohol expectancies, delinquency, sensation seeking, depressive affect, religiosity, academic achievement, and parent education. Indices of behavioral undercontrol such as novelty seeking and delinquency are associated with alcohol use (Elkins et al., 2006; Trull & Sher, 1994) and tobacco use (Bryant et al., 2000; Windle, 1990) ; this is consistent with a common trait of disinhibition that underlies use of alcohol, tobacco, and illicit drugs as well as other problem behaviors (McGue and Iacono, 2005; McGue et al., 2006) . Although generally a less robust correlate than behavioral undercontrol, negative affect is associated with drug use (Degenhardt et al., 2003; Kassel et al., 2007) . The association between drinking and alcohol expectancies is well established (see Jones et al., 2001) , and expectancies for a given substance have been shown to be associated with other drug expectancies (Aarons, Brown, Coe, & Stice, 2001; Stacy et al., 1996) . Men generally report greater alcohol consumption and marijuana use than women although, at least in recent cohorts, women are more likely to smoke . In general, Whites are more likely to engage in substance use than Blacks, Hispanic, or Asians (Substance Abuse and Mental Health Services Administration (SAMHSA), 2007). Lower academic achievement is associated with increased risk for substance use (Bachman et al., 2008; Hallfors et al., 2006; Hawkins et al., 1992) and higher religiosity ⁄ conventionality appears to be protective against substance use (Miller, 1998; Rostosky et al., 2007; Wallace et al., 2007) . Finally, low family socioeconomic status (SES) is associated with increased risk for substance use (Fothergill and Ensminger, 2006; Wills et al., 1995) . In general, we expected to see courses characterized by greater comorbidity and high severity to exhibit the strongest associations with risk factors that correlate similarly with each substance on a univariate basis. For example, we might expect that negative affect is particularly associated with a course characterized by chronic high drinking and chronic high smoking. That is, not only will more severe courses be associated with more baseline risk factors, but these risk factors are expected to explain more comorbidity in conjoint trajectories.
The current study extends our previous work using Monitoring the Future (MTF) national panel data by exploring alcohol, tobacco, and marijuana use. As with our prior work on heavy drinking and smoking, we derive independent trajectories of each, and then characterize comorbidity among the 3 substances. In addition, using this modeling framework, we examine the extent to which comorbidity is accounted for by available important demographic and behavioral risk factors. Our sample is drawn from MTF panel data, a large national dataset that permits fairly broad generalizability to young adults in the U.S. The multiple-cohort nature of MTF controls for potential confounds between developmental change and secular change.
MATERIALS AND METHODS

Respondents and Procedure
Data were taken from the MTF project (e.g., Johnston et al., 2007) , an ongoing national study of adolescents and young adults. Beginning in 1975, questionnaires were annually administered to approximately 17,000 high school seniors, using a multi-stage random sampling procedure (selection was based on geographic area, school, and classroom). Approximately 2,400 respondents from each cohort were randomly selected for biennial follow-up through mail surveys. These surveys begin 1 year post high school for one random half of each cohort and 2 years post high school for the other half; the 2 random halves were combined for these analyses. Study design and procedure are discussed in further detail in Bachman et al. (2002) , in Johnston et al. (2007) , and on the study web site (http:// www.monitoringthefuture.org).
Panel data used in the present study are based on the follow-up data for senior year cohorts 1976 to 1997 (corresponding to birth year cohorts 1958 to 1979) collected at Waves 2 to 5 (henceforth termed Times 1 to 4). Respondents were on average 18 to 20 at Time 1, age 20 to 22 at Time 2, age 22 to 24 at Time 3, and age 24 to 26 at Time 4 (the sample was restricted to these modal ages due to the study's focus on developmental trajectories and the importance of retaining homogeneity in age). The sample used in the present study (n = 32,087) was primarily Caucasian (82%) and slightly less than half of the sample was male (44%). Respondents who reported heavy drug use at baseline were oversampled for follow-up. [We note here that in order to account for this selective probability of retention, we re-estimated trajectory models with a weight statement, downweighting the heavy drug users. The pattern of trajectories was virtually identical, but the weighted results showed more individuals in the low-substance-using categories than the unweighted results (i.e., 68% vs. 63% for drinking; 73% vs. 69% for smoking; 86% vs. 80% for marijuana use). This is consistent with the over-sampling of the heavy drug users].
Measures
Substance use measures included frequency of heavy episodic (''binge'') drinking, quantity of cigarette smoking, and frequency of marijuana use (frequency of cigarette use was not available in these data). The Monitoring the Future substance use items have been used for decades in both the project's surveys and by other researchers. They have been shown to demonstrate excellent psychometric properties, and their reliability and validity have been reported and discussed extensively (e.g., Johnston and O'Malley, 1985; O'Malley et al., 1983) . Although substance use variables as well as sex, race, age, parent education, academic achievement, and religion were assessed on all participants, some psychosocial scales (alcohol expectancies, delinquency, sensation seeking, depressive affect) were systematically given to random, nonoverlapping subsamples of the full respondent sample; analyses using these variables reflect this reduced sample size.
Heavy Alcohol Use. A single ordinal item assessed frequency of heavy drinking (operationalized as 5 or more drinks in a row) in the past 2 weeks. Item responses included 1 (never drink), 2 (once), 3 (twice), 4 (3 to 5 times), 5 (6 to 9 times), and 6 (10 or more times) (Time 1 M = 1.96). Demographic Characteristics. Age, sex (1 = male, 0 = female), and race were assessed at Wave 1 (Time 0). Race was coded broadly into 5 categories: White, Black, Hispanic, Asian, and Other (Native American, other ethnic minorities); for analysis, we used 4 dummy codes with White as reference group. Finally, parent education (a proxy for SES; also reported at Time 0) was computed by taking the mean of maternal and paternal education (inter-item r = 0.55), which ranged from (1) completed grade school or less to (6) graduate or professional school after college. For respondents who reported on a single parent, SES reflected the education level for that parent. Unless otherwise noted, all risk factors were collected at Time 1. Risk Factors. Alcohol expectancies were assessed using 11 binary (yes ⁄ no) items that were preceded by the statement ''What have been the most important reasons for your drinking alcoholic beverages.'' From the set of 11 items, we created a negative expectancy scale and positive expectancy scale. Negative reinforcement expectancies (a = 0.59) were a mean across 5 items such as ''To relax or relieve tension'' and ''To get away from my problems or troubles.'' Positive reinforcement expectancies (a = 0.49) were a mean across 6 items such as ''To have a good time with my friends'' and ''Because of boredom, nothing else to do.'' These subscales parallel tension reduction and social facilitation Delinq, delinquency; SS, sensation seeking; NR exp, negative reinforcement expectancies; PR exp, positive reinforcement expectancies; Depr, depression; Relig, religiosity; Acad ach, academic achievement; Neg reinforcement expect, negative reinforcement expectancies; Pos Reinforcement expect, positive reinforcement expectancies.
*p < 0.05, **p < 0.01 a Race was coded into 5 categories with White as reference group.
expectancies for drinking (Jones et al., 2001) . Although no expectancy items were available for smoking or marijuana, expectancies for a given substance may influence use of other substances, and different drug expectancies tend to correlate (Aarons et al., 2001) . Past-year delinquency was the mean of 15 items ranging from (1) not at all to (5) 5 or more times, and included such items as ''got in a serious fight in school or at work'' and ''been arrested and taken to a police station.'' Internal consistency was good (a = 0.79). Sensation seeking was the mean of 2 items ''I get a real kick out of doing things that are a little dangerous'' and ''I like to test myself every now and then by doing something a little risky'' (r = 0.65). Depressive affect (a = 0.79) was assessed by taking the mean of the following 4 items: ''Life often seems meaningless,'' ''The future often seems hopeless,'' ''I enjoy life as much as anyone,'' and ''It feels good to be alive'' (with the last 2 items reverse scored).
Religiosity (important in its own right, as well as a proxy for conventionalism) was assessed using 2 items: importance of religion and attendance at religious services (inter-item r = 0.62). Importance of religion ranged from (1) not important to (4) very important, and attendance at religious services ranged from (1) never to (4) about once a week or more. Average high school grades, reported at Time 0, were used as an indicator of academic achievement; options ranged from (1) D (69 or below) to (9) A (93 to 100).
Analytic Procedure
To extract trajectories of substance use, we used a mixture modeling procedure (Muthe´n, 2001; Muthe´n and Shedden, 1999; Nagin, 1999; Nagin and Land, 1993) . Growth mixture modeling is based on a latent growth modeling procedure. As with traditional growth models, growth is represented by latent growth factors (intercept, slope factors). However, whereas growth modeling has a parameter representing variability around the growth factor means, growth mixture modeling models variability with a latent (unobserved) categorical variable. This variable reflects discrete homogeneous classes of individuals who have similar responses on a given outcome (e.g., alcohol use). Classes were identified based on the mean of the growth factors alone because freeing the variances across classes typically resulted in model nonconvergence, consistent with other studies using this technique (e.g., Chassin et al., 2004; Colder et al., 2002; Tucker et al., 2003 Tucker et al., , 2005 . Underlying latent growth models included an intercept and 2 slope factors (representing linear and quadratic growth) for the alcohol and marijuana use model; for the tobacco use model, the quadratic slope factor was eliminated due to convergence problems (possibly due to relatively stable levels of smoking). The intercept was centered at Time 1 (by virtue of a zero loading on the slope factors at Time 1) and the negative relation between the intercept factor and the slope factors was parameterized as a directional relation, rather than as a covariance, in order to address the phenomenon that when modeling negative growth, the higher an individual is at Time 1, the greater he ⁄ she falls over time (suggesting perhaps a floor effect for those low at Time 1).
Class prevalence is obtained for each trajectory, and each participant receives a probability of class membership for each class, ranging from 0 to 1.0. As recommended by Muthe´n (2004) , model fit was evaluated using information criteria fit indices (Bayesian Information Criterion, BIC; Schwarz, 1978 and Akaike's Information Criterion, AIC; Akaike, 1987) , for which low values are desired, as well as using the Vuong-Lo-Mendell-Rubin Likelihood Ratio test for k versus (k ) 1) classes (Lo et al., 2001; Muthe´n et al., 2002) which tests whether k classes show improvement over (k ) 1) classes. In addition, as these indices are a function of sample size (which would lead to an inflated number of significant model differences with the current sample size), we considered other criteria, including class interpretability (the extent to which an additional class provided unique information), class prevalence (preferring classes with 5% of the sample for improved replicability), and entropy (a measure of classification based on posterior probability values, with higher values representing better classification).
Given the multiple cohort design, we examined the effect of birth cohort on substance use and risk factors; linear, quadratic, and cubic trends were explored. Baseline drinking, smoking, and marijuana use linearly declined over cohort (g 2 = 0.007, g 2 = 0.015, and g 2 = 0.046, respectively) (a finding consistent with other MTF analyses on these cohorts, Johnston et al., 2007) . Birth cohort also had a significant linear effect such that later cohorts were more likely to be female (g 2 = 0.001), to have lower delinquency (g 2 = 0.001), to have higher negative reinforcement expectancies (g 2 = 0.001) and lower positive reinforcement expectancies (g 2 = 0.002), to have lower religiosity (g 2 = 0.002), to have higher academic achievement (g 2 = 0.01), to have higher SES (g 2 = 0.02), and to be more likely to be Asian (g 2 = 0.005) and Hispanic (g 2 = 0.009) and less likely to be Black (g 2 = 0.0002). Quadratic effects were also observed for smoking (g 2 = 0.002), marijuana use (g 2 = 0.007), negative reinforcement expectancies (g 2 = 0.003) and race (g 2 = 0.0001 for being Hispanic). Cubic effects were observed for drinking (g 2 = 0.001), marijuana use (g 2 = 0.002) sex (g 2 = 0.0004), positive reinforcement expectancies (g 2 = 0.003), religiosity (g 2 = 0.001), and race (g 2 = 0.0001 for being Hispanic). These quadratic and cubic trends reflect that over such a long time period, we see multiple secular trends occurring that are related to substance use, namely a tendency for substance use and the associated risk factors to generally decline over cohort but increase in recent cohorts. There was also significant age heterogeneity within cohort (in part due to the process of collecting follow-up data at biennial intervals). We controlled for birth cohort by treating it as an exogenous variable predicting Times 1 to 4 substance use variables (see . We used Mplus 4.10 Muthe´n, 1998-2004) . Although retention rates for any one MTF follow-up survey averaged 75% to 80%, the listwise retention rate was 62%, so the model was estimated using full information maximum likelihood (FIML) which assumes that data are missing at random (MAR). A substantial majority of participants had at least 2 waves of data; 8% had data at only Time 1 and 0.5% had data from only 1 wave other than Time 1. Those retained in the longitudinal sample were more likely to be female, White, higher on high school GPA and parental education level, and lower on high school truancy and senior year substance use; see Schulenberg et al., 1996a Schulenberg et al., ,b, 2005 . Finally, although the ordinal substance use variables were not normally distributed (see Figure 1) , we treated them as continuous in the mixture modeling analyses. In general, analyses which treated these variables either as count or as censored variables failed to converge.
RESULTS
Findings from mixture models for heavy alcohol use, smoking, and marijuana use are presented, followed by a discussion of comorbidity between the 3 substances. Finally, we examine the extent to which risk factors account for comorbidity between the substances.
Mixture Modeling: Extracting Trajectories
For frequency of heavy alcohol use, we extracted 2-through 4-group solutions and found significant improvements in model fit up to 4 classes (and good entropy for all solutions, suggesting clear classification) (see Table 2 ). The model would not converge with 5 classes, suggesting that the data were most compatible with the 4-class solution. Figure 2 depicts estimated mean growth trajectories from Times 1 to 4 for frequency of heavy alcohol use by class, weighted by the probability of being in a given class. Based on the figure, the groups appear to include low heavy-drinkers (63%), chronic (CHR) heavy-drinkers (12%), developmentally limited (DV LTD), or decreasing, heavy-drinkers (16%), and late-onset (LATE), or increasing, heavy-drinkers (8%).
For smoking quantity, we tested 2-through 5-group solutions (the 6-group model would not converge on a proper solution) (see Table 2 ). We found significant improvements in model fit according to information criteria fit indices and the Vuong-Lo-Mendell-Rubin Likelihood Ratio test, a test for the number of components in a mixture, and good entropy up to 5 classes. Figure 3 depicts estimated mean growth trajectories for smoking quantity by class, weighted by estimated class probabilities. We extracted classes representing lowsmokers (69%), CHR smokers (12%), LATE smokers (6%), DV LTD smokers (6%), and moderate (MOD) smokers (8%).
For frequency of marijuana use, we extracted 2-through 5-group solutions (again, the 6-group model failed to converge) and found significant improvements in model fit up to 5 classes (and good entropy for all solutions) (see Table 2 ). However, the fifth class was a combination of chronic and developmentally limited classes and included only 3% of the sample, and did not appear to represent an additional distinct class. Figure 4 depicts estimated mean growth trajectories from Times 1 to 4 for frequency of marijuana use by class for the 4-class solution, weighted by estimated class probabilities. Based on the figure, the groups appear to include low marijuana users (80%), CHR marijuana users (7%), DV LTD marijuana users (9%), and LATE marijuana users (4%).
Comorbidity
Alcohol and Tobacco Use. To evaluate comorbidity between alcohol and tobacco use, we examined a crosstabulation of group membership for heavy drinking by smoking (i.e., a 4 · 5 table; see Table 3 ).
1 We assigned group We considered reporting a simultaneous cross-classification table but deemed it too burdensome, as it would consist of 80 cells (e.g., four 4 · 5 tables). We are unaware of any statistic that summarizes the association between 3 categorical variables. membership using posterior probabilities; that is, assigning an individual to the class to which he ⁄ she was most likely to belong. We also examined comorbidity using weighted estimates (weighted by probability of group membership in both groups). As might be expected by the clear classification in all models, estimates that were weighted by probability of group membership (which in most cases were close to 1.0) and corresponding tests of association were similar to findings using unweighted estimates. All subsequent analyses use the posterior probability approach, as parameters are more easily calculated in this approach than by hand-computing weighted scores.
According to a Pearson chi-square test of association, drinking and smoking were moderately associated, v 2 (12, n = 31,853) = 2,474.41, p < 0.001; F = 0.28; Cramer's V = 0.16. Using a first-order configural frequency analysis technique (von Eye, 2002), we tested observed versus expected cell frequencies in the heavy drinking-smoking contingency table to determine ''types'' (i.e., configurations which occur more frequently than chance), and ''antitypes'' (i.e., configurations that occur less frequently than chance). We used Lehmacher's approximation to the binomial probability (with K} uchenhof's correction for continuity cf. von Eye, 2002), with the significance criterion that cell misfit exceeds a chi-square value of 100. Significant types could be observed for cells along the diagonal (e.g., low heavy-drinker ⁄ lowsmoker; chronic drinker ⁄ chronic smoker). In addition, a significant type was observed for the combination of CHR drinker (DRK) with MOD smoking (SMK), and for the combination of CHR SMK with DV LTD DRK. Correspondingly, we observed significant antitypes for the combination of the low heavy-drinker class and CHR SMK and for the combination of the low-smoker class and both CHR and DV LTD DRK classes. These types and antitypes are portrayed (using up and down arrows) in Table 3 .
Finally, we also examined the association between heavy drinking and smoking only among those in the chronic high, later onset, developmentally limited, and (for smoking) moderate groups in order to determine the extent to which the alcohol-tobacco association was driven by low heavy-drinkers and low-smokers (that is, individuals who either abstain or were low users of both substances throughout). Analyses excluding the low using groups still showed a small-to-moderate association, v 2 (6, n = 5,220) = 302.41, p < 0.001; F = 0.24; Cramer's V = 0.17.
Alcohol and Marijuana Use. Next, to evaluate comorbidity between alcohol and marijuana use, we computed a 4 · 4 cross-tabulation of group membership for heavy drinking by marijuana use (see Table 4 ). Drinking and marijuana use were also associated, v 2 (9, n = 31,869) = 4,179.32, p < 0.001; F = 0.36; Cramer's V = 0.21; Cohen's j = 0.21. Significant types were evident for cells along the diagonal. In addition, significant types were observed for the combination of CHR DRK with DV LTD marijuana (MJ) and of CHR DRK with LATE MJ. Correspondingly, significant antitypes were observed for the combination of the low heavy-drinker class and both CHR and DV LTD MJ classes, and for the combination of the low marijuana using class and both CHR and DV LTD DRK classes.
We also examined the association between drinking and marijuana use among all participants except the consistent low users ⁄ abstainers. Analyses excluding the low using groups showed a small association, v 2 (4, n = 9,742) = 296.52, p < 0.001; F = 0.17; Cramer's V = 0.12; although Cohen's j = )0.01, suggesting that virtually all of the agreement was due to the group of low heavy-drinkers and low marijuana users.
Marijuana and Tobacco Use. Finally, we computed a 4 · 5 cross-tabulation of group membership for smoking by marijuana use (see Table 5 ). Smoking and marijuana use were associated, v 2 (12, n = 31,872) = 3,683.51, p < 0.001; F = 0.34; Cramer's V = 0.20. Significant types were evident for cells along the diagonal. In addition, a significant type was found for the combination of DV LTD MJ with both CHR SMK and MOD SMK, and a significant type was observed for CHR MJ and MOD SMK. Significant antitypes were observed for the combination of the low-smoking class and the 3 marijuana using classes, and for the combination of the low marijuana using class and CHR SMK. Analyses excluding the low marijuana and low-tobacco using groups still showed a small association between marijuana and tobacco, v 2 (6, n = 8,400) = 169.91, p < 0.001; F = 0.14; Cramer's V = 0.10.
Contributions to Comorbidity
Building on the identification of patterns of comordibity of smoking, heavy drinking, and marijuana use, we next turned to examining the extent to which risk factors accounted for comorbidity between the 3 substances, permitting us a window into the processes that contribute to the comorbidity. An important first step in these analyses was to consider whether the risk factors accounted for overall comorbidity (not by comorbid types). To do this in a straightforward manner, we used a series of least-squares analyses of variance that are appropriate for categorical data for each of our comorbid pairs. That is, we predicted the categorical heavy drinking class variable from the categorical smoking class variable, we predicted the heavy drinking class variable from the marijuana use class variable, and we predicted the marijuana use class variable from the smoking class variable. (We note that the converse associations, with the predictor and outcome variable switched, produced nearly identical results). We then included each risk factor in the model to determine the extent to which the association between heavy drinking and smoking diminished in the presence of the risk factor, the extent to which the association between heavy drinking and marijuana use diminished in the presence of the risk factor, and the extent to which the association between marijuana use and smoking diminished in the presence of the risk factor. This was conducted univariately due to the differing number of participants and nonoverlapping samples for each risk factor (as discussed previously, some risk factors were gathered on only random subgroups of the total sample). Table 6 portrays the associations in the presence of the risk factors (and, as comparison, the associations with no risk factor in the model). Comorbidity associations were reduced in the presence of the risk factors, particularly delinquency and positive reinforcement alcohol expectancies. All pairwise chi-square difference tests between the full model and the model excluding the covariate were significant at p < 0.001 with the following exceptions: depression, which was significant at p < 0.05 for the alcohol-tobacco association, was significant at p < 0.01 for the tobacco-marijuana association, and did not significantly reduce the alcohol-marijuana association, and parent education, which did not significantly reduce the alcohol-tobacco association.
Although it is interesting to understand that a given risk factor can account for comorbidity between 2 substances, it is not informative if we wish to determine the risk factor's influence on specific combinations of comorbidity. Thus, in our second step, we sought to determine the extent to which risk factors accounted for significant types (i.e., combinations that occurred at a rate greater than chance) observed in Tables 3-5 . For example, does delinquency explain the correspondence between chronic drinking and chronic smoking? Does it explain the correspondence between chronic drinking and moderate smoking? We specifically focused on types and did not examine antitypes because from our perspective, accounting for configurations that occur at a rate greater than chance would take care of those that occur at a rate less than chance.
The analytic approach to answering these questions is somewhat complex, given the nominal nature of the substance use trajectories. As such, we coded group membership as a binary variable reflecting the class of interest for each substance (e.g., chronic drinking versus all others; developmentally limited drinking versus all others; late onset drinking versus all others, and so on), because binary variables can be analyzed by relatively standard analytic strategies, whereas nominal variables are difficult to analyze (particularly when both predictor and outcome variables are nominal in nature). We predicted the binary outcome variables from the binary predictors (with no covariates) using a series of logistic regressions; this is referred to as the ''null model.'' Specifically, we predicted binary drinking variables from binary smoking variables (e.g., predicting the binary chronic drinking variable from the binary chronic smoking variable), we predicted binary drinking variables from binary marijuana use variables, and we predicted binary marijuana use variables from binary smoking variables. Not surprisingly, we observed significant odds ratios (see Table 7 , top panel) for each of these models (e.g., chronic smoking indeed predicted chronic drinking; odds ratio = 4.38).
Next, analogous logistic regressions were estimated with risk factors univariately controlled. Odds ratios (OR) and standardized betas were calculated (see Table 7 ), and 95% confidence intervals around the OR were computed (not shown). Confidence intervals that were nonoverlapping with the null model were identified and are portrayed in Table 7 using superscripts; these indicate that the OR for the model with the covariate was significantly different (in all cases, lower) than the OR for the null model. We believed this to be a conservative approach, given that they are separated by an interval reflecting 2 standard errors in 1 model and 2 standard errors on the other model.
For drinking and smoking, we had identified 5 types which occur at a rate more frequently than chance (CHR DR-CHR SMK; DV LTD DR-DV LTD SMK; LATE DR-LATE SMK, CHR DRK-MOD SMK; and DV LTD DRK-CHR SMK).The OR for CHR DR-CHR SMK was significantly reduced when the following risk factors were controlled: delinquency, sensation seeking, both positive and negative reinforcement alcohol expectancies, and religion. The ORs for CHR DRK-MOD SMK; DV LTD DRK-CHR SMK were significantly reduced when delinquency and religion Note. Chi-square values were obtained from least-squares analyses of variance for categorical data, with the first term predicted by the second term (e.g., in Column 1, smoking predicted drinking). Note that models with the converse associations yielded virtually identical values. All chisquare values are significant at p < 0.001. All pairwise chi-square difference tests between the full model and the model excluding the covariate are significant at p < 0.001 with the exception of parent education, which did not significantly reduce the alcohol-tobacco association, and depression, which was significant at p < 0.05 for the alcohol-tobacco association, was significant at p < 0.01 for the tobacco-marijuana association, and did not significantly reduce the alcohol-marijuana association. were controlled. Finally, the ORs for DV LTD DR-DV LTD SMK and for LATE DR-LATE SMK were significantly reduced only when religion was controlled.
For drinking and marijuana use, we had identified 5 types (CHR DR-CHR MJ; DV LTD DR-DV LTD MJ; LATE DR-LATE MJ, CHR DRK-DV LTD MJ; and CHR DRK-LATE MJ). The OR for CHR DR-CHR MJ was significantly reduced when delinquency, positive reinforcement alcohol expectancies, and religion were controlled. The ORs for DV LTD DR-DV LTD MJ and CHR DRK-DV LTD MJ were significantly reduced when delinquency and religion were controlled. Finally, the ORs for LATE DR-LATE MJ and CHR DRK-LATE MJ were significantly reduced when religion was controlled.
For marijuana use and smoking, we had identified 6 types (CHR MJ-CHR SMK; DV LTD MJ-DV LTD SMK; LATE MJ-LATE SMK; CHR MJ-MOD SMK; DV LTD MJ-CHR SMK; and DV LTD MJ-MOD SMK). The ORs for CHR MJ-CHR SMK; DV LTD MJ-DV LTD SMK, and CHR MJ-MOD SMK were significantly reduced when delinquency and religion were controlled. The ORs for DV LTD MJ-CHR SMK; and DV LTD MJ-MOD SMK were significantly reduced when religion was controlled.
CONCLUSIONS
Longitudinal comorbidity is among the least understood aspects of etiology of substance use ; this gap is especially apparent during the transition to adulthood when there is considerable change in various types of substance use. In this study, our purpose was to describe and explain the comorbidity among trajectories of cigarette, alcohol, and marijuana use based on national panel data spanning ages 18 to 26. For all 3 substances, we identified 4 courses of emerging adulthood substance use while controlling for secular changes occurring over 2 decades: (i) low users, (ii) chronic users, (iii) late-onset users, and (iv) developmentally limited users. For the smoking class only, we also extracted a ''moderate'' group. These courses of substance use are largely consistent with those found in the literature. For heavy drinking, the developmentally limited class was the largest drinking class, in support of literature documenting a ''maturing out'' effect in heavy drinking towards the culmination of emerging adulthood (Bachman et al., 2002) . Likewise, the largest class reporting marijuana use was the developmentally limited class, although it was not notably larger than the chronic class. For smoking, however, the chronic high class had the highest prevalence among the smoking classes, attesting to the highly addictive nature of tobacco. We also characterized comorbidity in a longitudinal context, demonstrating moderate levels of comorbidity between each of the trajectories of substance use and particular subtypes that may benefit from targeted intervention. Finally, we examined the extent to which etiologically relevant risk factors explained combinations of comorbidity.
Comorbidity Among Substances
Our cross-classification of alcohol and tobacco use showed the 2 substances to be moderately-to-strongly related. As might be expected by research showing a dose-dependent relation between smoking and drinking (Madden et al., 2000) , low heavy-drinkers were least likely to smoke and chronic drinkers were most likely to smoke. In addition, individuals who persistently drank heavily or who drank heavily during early young adulthood (but later remitted) were most likely to be chronic smokers, again supporting the extent to which smoking is highly addictive (more so than alcohol or marijuana use; Merline et al., 2004) . We also showed that those who drank persistently had a greater likelihood than would be expected by chance of being moderate smokers, or ''chippers,'' who may be smoking only while drinking. Course of alcohol and marijuana use exhibited even stronger comorbidity than conjoint drinking and smoking. Cross-substance trajectory concordance (agreement reflected by cells along the diagonal; 64%) was high, consistent with findings by Flory et al. (2004) , who, despite dissimilarity in trajectory shape, found similar concordance rates for men (61%) and women (50%). Also, like chronic marijuana users, both developmentally limited and late-onset users were more likely to be chronic heavy drinkers. The association between developmentally limited marijuana users and chronic drinkers may be due to the commonality across the 2 substances such that (unlike smoking), drinking and marijuana use are each used to attain a feeling of feeling intoxicated or high; however, environmental constraints that arise during young adulthood such as a full-time career, family, and physical or social access may constrain use of marijuana more so than heavy drinking.
Finally, concordance between trajectories of marijuana and tobacco use was somewhat surprisingly as high as (if not higher than) the association between alcohol and tobacco use. Developmentally limited marijuana users were more likely to be chronic smokers, again supporting the idea that logistical factors may constrain the use of illicit more so than licit substances in later emerging adulthood (ages 22 to 26). In addition, those who used marijuana early (and either continued to do so or matured out of marijuana use) were more likely to be moderate smokers; perhaps these 2 substances are enjoyed for their social benefits among this subgroup.
The high concordance of trajectories along the diagonal has implications for similar developmental timing of use for different substances, perhaps due to the experience of developmental transitions (e.g., living situation, traditional roles associated with a new career and family) that have a common influence on use of different substances. In addition, these findings suggest that prevention and treatment efforts might better be directed to poly-substance use rather than targeting single substances alone. Interestingly, although findings in the literature support alcohol and tobacco as ''gateway'' drugs to illicit drug use (Kandel, 2002; Kandel and Yamaguchi, 1993; Peele and Brodsky, 1997) , we did not find evidence for the Gateway Hypothesis in this age range, consistent with Labouvie and , who found that trajectories of smoking and drinking failed to predict subsequent substance use disorders. We were able to examine the extent to which use of alcohol or tobacco led to subsequent marijuana use by exploring the combinations of chronic or developmentally limited alcohol or tobacco use with late onset marijuana use. In none of these instances (across all 4 combinations) was a significant type evident, suggesting for this age range, use of licit drugs did not set the stage for subsequent illicit drug use. Perhaps by the mid-twenties, the Gateway effect is secondary to more situational constraints. It would be important to see this addressed in a younger sample, however. Prescott and Kendler (1995) raise the question of whether much of the genetic covariation between alcohol and tobacco use may be due to the large group of abstainers; they found that shared (genetic) variation between alcohol and tobacco use was much reduced when abstainers were removed. In the current study, we examined the extent to which removing low users from our sample diminished the association between drinking and smoking group membership and found that analyses excluding the low heavy-drinking and low-smoking groups still showed a small-to-moderate association, suggesting that the alcohol-tobacco association is not an artifact of imposed covariation due to common factors in abstention ⁄ low levels of substance use. This was true also for the marijuanatobacco association, although the relation between alcohol and marijuana appeared to be driven strongly by low users.
Prediction of Comorbidity by Risk Factors
Membership in trajectory groups of alcohol, tobacco use, and marijuana use may share risk factors, suggesting that comorbidity between these substances may be in part due to common risk factors. We explicitly examined the extent to which risk factors predicted comorbidity. All risk factors examined herein (sex, delinquency, sensation seeking, depressive affect, alcohol expectancies, religiosity, academic achievement, parent education, and race) accounted for general comorbidity to some degree, with religiosity, delinquency, sensation seeking, and positive reinforcement alcohol expectancies appearing to be the strongest predictors.
Expectancies about the positive effects of alcohol contributed only to the most severe configurations of comorbid substance use; that is, chronic high drinkers are more likely to be both chronic high smokers and, for positive reinforcement expectancies only, chronic high marijuana users, in part due to their expectations about the positive effects of alcohol. Although there is some generality across expectancies (Aarons et al., 2001) , alcohol expectancies did not explain the tendency for chronic high marijuana users to be chronic high smokers, supporting some drug specificity as well. Unfortunately we did not have measures of tobacco or marijuana expectancies to explicitly test this.
Past-year delinquency also was a risk factor for the most severe configurations of comorbid substance use (reflected by chronic high users of each substance). Although only the association between chronic high drinking and smoking was significantly reduced in the presence of sensation seeking, there were clear reductions in other configurations of comorbidity that were similar in magnitude to delinquency; the lack of significance here is likely due to the low sample size for the sensation seeking analyses. These findings are consistent with Chassin et al. (2004) who demonstrated that impulsivity, a temperamental trait that is highly correlated with sensation seeking and delinquency, predicted membership in a co-occurring heavy drinking ⁄ heavy drug use class as well as in a comorbid alcohol and drug dependence class. The extent to which a course of marijuana use that was characterized by remission over the young adult years tracked drinking and smoking was also in part explained by high delinquency at age 18. That delinquent behavior and sensation seeking account for combinations of comorbidity characterized by early onset and persistently high use suggests that to some extent, individuals use multiple substances because of a common genetic vulnerability to use of substances and behavioral undercontrol (e.g., McGue and Iacono, 2005; McGue et al., 2006; Slutske et al., 1998; Zucker, 2006) , rather than because use of 1 substance leads to use of another (e.g., cross-tolerance between drinking and smoking). These vulnerable individuals may be more susceptible to an environment that promotes substance use during emerging adulthood but constrains heavy use as the individual matures. Combinations of substance use that were characterized by later onset use, however, were not explained by delinquency, in line with work by Babor et al. (1992) hypothesizing the existence of a later-onset alcoholic (''Type A'' alcoholism) whose course is not marked by symptoms of conduct disorder.
Although the findings failed to reach significance, depressive affect appeared to explain combinations of comorbidity with marijuana use. Again, this may be due to reduced power with the smaller subsample size; alternately, the low magnitude of associations with depressive affect may be in part because we assessed global depression, rather than specific episodes or symptoms of depression (e.g., anxiety) that might be differentially associated with substance use. Religiosity, an important protective factor in its own right as well as a proxy for conventionality, was the most prominent protective factor across many combinations of comorbidity, particularly for courses of substance use that tracked one another. We note, however, that the power to detect an effect was much higher in the models with religiosity as a covariate (as well as those with gender, parent education, and race) than with alcohol expectancies or delinquency. The tendency for chronic drinkers to smoke moderately and to use marijuana in a timedelimited fashion (developmentally limited or late onset) was in part due to religiosity, as was the association between developmentally limited drinking and chronic smoking, developmentally limited marijuana use and chronic smoking, and developmentally limited marijuana use and moderate smoking. Finally, the association between chronic marijuana use and moderate smoking was in part due to religiosity.
Unlike Chassin et al. (2004) and Orlando et al. (2005) , who both noted that courses of multiple substance use characterized by heavy drinking ⁄ heavy drug use were more likely to comprise men, we found no evidence for sex as a risk factor for combinations of substance use that occurred at a rate more frequently than chance. The current study found no evidence for either parent education or race as a risk factor for any comorbid combinations, despite marked variability along these dimensions in the present nationally representative sample. Finally, there was little support for academic achievement as a risk factor for comorbidity during emerging adulthood; although this may be due in part to the normative excessive drinking that often occurs during college (thus blurring relationships between achievement and substance use), it also suggests that there may be directional (perhaps causal) associations between academic achievement and substance use as opposed to a common underlying propensity to use substances and to exhibit poor academic outcomes (Bachman et al., 2008) .
Strengths and Limitations
Unlike much extant research, the current study utilized multi-wave data from a very large, nationally representative sample with multiple cohorts, allowing us to control for secular effects and generalize across historic period. Large representative samples permit identification of relatively rare subgroups reflecting unique comorbidity patterns, which is essential to advancing our understanding of the etiology and comorbidity of substance use. However, characteristics of the dataset also presented some limitations. Due to the heterogeneity in age, there was some overlap in age in adjacent waves (e.g., Time 1 includes 18 to 20 year olds, and Time 2 includes 20 to 22 year olds), so the results are not strictly interpretable by age. As is typical in longitudinal studies of substance use, attrition was differential with respect to variables important in this analysis such that those who were retained had lower high school substance use. This suggests that our findings reflect a more conservative population in terms of substance use. In addition, our sample over-represented females, Whites, and those with higher SES. Also, we were limited to risk factors that were available in the dataset (some of which had low-to-moderate reliability), and we were unable to examine risk factors in a multivariate fashion because the psychosocial scales were given to random, nonoverlapping subsamples of the full respondent sample. We caution that comorbidity between each of the substances may have been further reduced (explained) if other risk factors were considered (e.g., childhood life events, peer norms), and because of the need to conduct univariate analyses, a relatively large number of pair-wise comparisons were made without correction for multiple comparisons.
Although we applied a state-of-the-art analytic technique to characterize ordered trajectories of substance use, research suggests that this technique has drawbacks (Bauer and Curran, 2003 ; but see Muthe´n, 2003) . We exercise caution in drawing conclusions from these data until the replicability of these findings is better established.
Describing the course of co-occurring behaviors is of recent interest to researchers in developmental psychopathology. Currently, 2 approaches have been taken: (i) models that simultaneously model multiple behaviors in a single multivariate analysis (dual trajectory model) and (ii) models that derive courses for each behavior separately and then model conjoint use by estimating concordance between each behavior (parallel process models). The first approach explicitly models comorbidity and its change over time. It may be more parsimonious; for example, whereas the 4 · 5 contingency tables presented here yield 20 combinations of comorbidity, fewer groupings may be sufficient (indeed, in our prior work examining trajectories of drinking and smoking using this technique, only 7 trajectories were identified). The second approach, however, provides estimates of comorbidity (i.e., concordance) that are similar to more traditional cross-sectional approaches (i.e., likelihood-based measures and measures of agreement such as Cohen's j). When considering 3 or more substances, we believe the univariate approach is more straightforward and more practicable. Finally, we struggled with the best way to identify factors that account for comorbidity. Categorical data such as nominal grouping variables often pose challenges, particularly when the data are nominal in nature.
In addition, we treated the ordinal substance use variables as pseudo-continuous in order to facilitate analysis. Although there are several ways to deal with nonnormal and categorical data in the area of latent growth modeling, including two-part growth modeling (Olsen and Schafer, 2001) , the analytic techniques for trajectory modeling are still in their infancy and convergence problems are frequently encountered when estimating mixture models for count or censored variables. Finally, it is possible that the MAR assumption for modeling missing data in Mplus was not met, as previous attrition analyses with similar MTF panel samples have shown that those retained in the longitudinal sample were lower on senior year substance use than those who were excluded (e.g., Schulenberg et al., 1996a,b) ; unfortunately, there is no statistical test to determine if data are missing at random. Despite these limitations, the current study demonstrates the feasibility and substantive importance of modeling comorbidity and course within a personcentered approach to data analysis.
